Dementia is a brain disorder that seriously affects a person's ability to carry out daily activities. The most common form of dementia among older people is Alzheimer's disease (AD), which initially involves the parts of the brain that control thought, memory, and language, ending with severe brain damage. Nootropic agents like, piracetam, and cholinesterase inhibitors like, donepezil are commonly used for improving memory, mood and behavior but their adverse effects have made their use limited and it is worthwhile to explore the utility of traditional medicines in the treatment of various cognitive disorders. Argyreia speciosa (AS) commonly known as Vridha daraka is widely used in ayurveda for the treatment of neurological disorders. The present work was undertaken to assess the potential of AS as a nootropic and anti-cholinesterase agent in mice. Effectiveness of aqueous extract of AS on ageing, scopolamine and diazepam induced memory deficits in mice was evaluated. Elevated plus maze and passive avoidance paradigm were employed to assess short-term and long term memory. In order to delineate the possible mechanism through which AS elicits the anti-amnesic effects, the whole brain acetyl cholinesterase (AChE) activity, was also assessed. Two doses (100 and 200 mg/kg, p.o.) of aqueous extract of AS were administered orally for 6 successive days to both young and aged mice. AS decreased transfer latencies and increased step down latencies in both young and aged mice AS (100 and 200 mg/kg, p.o.) successfully reversed amnesia induced by diazepam, scopolamine and natural ageing. AS significantly decreased AChE levels in the whole brain homogenate indicating its potential in the attenuation of learning and memory deficits especially in the aged mice.
INTRODUCTION
Alzheimer's disease (AD), the most common form of dementia in the elderly population, is characterized by an insidious onset with memory impairment and an inexorable progression of cognitive decline. Neuropathological examination of AD brain reveals extensive atrophy, accumulation of intraneuronal neurofibrillary tangles, 1) and β-amyloid (Aβ) fibrillar deposists (Aβ plaques) 2) in vulnerable regions of the brain (e.g. cortex, hippocampus). Researchers estimate that by 2050, 13.2 million Americans will have AD if current population trends continue and no preventive treatments become available. 3) Approximately 4 million Americans are of age 85 years or older, the age group which is one of the fastest growing segments of the population. Ayurvedic medicinal plants had suc- * To whom correspondence should be addressed: Department of Pharmacognosy, SET's College of Pharmacy, S. R. Nagar, Dharwad-580002, Karnataka, India. Tel.: +91-9448632253; Fax: +91-836-2448540; E-mail: amanjoshi17@yahoo.com cessfully attenuated memory dysfunction induced by scopolamine, ethanol and diazepam. 4) Argyreia speciosa (Abbreviation; Family Convolvulaceae), is commonly known as Vridha daraka in Sanskrit. It is a large climber grown throughout India. It is one of the important plants used in indigenous system of medicine. The root is regarded as an alternative tonic and useful in rheumatism and diseases of the nervous system. 5) It is reported to possess anti-inflammatory, anti-arthritic, 6) immunomodulatory 7) and anti-stress activity. 8) In the present study AS was investigated for its potential as a nootropic agent. Elevated plus maze and passive avoidance paradigm were used to assess short-term and long term memory respectively. To delineate the mechanism by which AS exerts nootropic action, its effect on brain acetyl cholinesterase levels was determined.
MATERIALS AND METHODS
The Plant Material and Preparation of Extract --The roots of AS (A. nervosa Burm; Family Convolvulaceae) were obtained from Dharwad, Karnataka, India. The plant was authenticated and identified by qualified botanist at Department of Botany, Karnataka University, Dharwad. The specimen has been kept at Dept. of Pharmacognosy, SET'S college of Pharmacy, Dharwad, Karnataka, India. The roots were dried in shade; cleaned, powdered and aqueous extract was prepared by simple maceration process using 1000 g of powder. The extract was concentrated using rotary flash evaporator followed by freeze drying. The yield of the dry extract from crude powder of A. speciosa was 1.5%. A suspension was prepared using tween 80 and administered orally. Drugs and Chemicals --Scopolamine hydro bromide (Sigma Aldrich, Lt. Louis, MO, U.S.A.), diazepam (Valium R , Ranbaxy laboratories Ltd., Mumbai, India), piracetam (Nootropil R UCB India pvt. Ltd., Vapi, India) and phenytoin (Zydus Neurosciences, Ahmedabad, India) were diluted in normal saline and injected intraperitoneally (i.p.). Volume of injection was 1 ml/100 g body weight of the mouse. Animals --Swiss mice of either sex weighing around 18 g (younger, 8 weeks old) and 25 g (older, 28 weeks old) were used in the present study. Animals were procured from disease free animal house, BLDEA Medical College, Bijapur. They were acclimatized to the laboratory conditions for 5 days before behavioral studies. The animals had free access to food and water and maintained under 12:12 hr light and dark cycles. All experiments were carried out during day time from 0900 to 1900 hr. The Institutional Animals Ethics Committee (IAEC) approved the experimental protocol and care of animals was taken as per guidelines of Committeee for the Pupose of Control and Supervision on Experiments on Animals (CPCSEA), Dept. of Animal Welfare, Govt. of India.
Memory Models --Exteroceptive Behavioral Model
Elevated plus maze: The elevated plus maze served as the exteroceptive behavioral model (where in stimulus existed outside the body) to evaluate learning and memory in mice. 9) The apparatus consists of two open arms (16 × 5 cm) and two covered arms (16 × 5 × 12 cm). The arms extended from a central platform (5 × 5 cm), and maze is elevated to a height of 25 cm from the floor. On the first day, each mouse was placed at the end of open arm, facing away from the central platform. Transfer latency (TL) was taken as the time taken by mouse to move into one of the covered arm with all its four legs. TL was recorded on the first day. If the animal did not enter into one of the covered arms within 90 s, it is gently pushed into one of the two covered arms and the TL was assigned as 90 s. The mouse was allowed to explore the maze for 10 s and then returned to its home cage. Memory retention was examined on the second day, 24 hr after the first day's trial. [10] [11] [12] Passive shock avoidance paradigm: Passive avoidance behavior based on negative reinforcement was used to examine the long term memory. The apparatus consisted of a box (27 × 27 × 27 cm) having three walls of wood and one wall of Plexiglas, featuring a grid floor (3 mm stainless steel rods set 8 mm apart), with a wooden platform (10 × 7 × 1.7 cm) in the center of the grid floor. The box was illuminated with a 15 W bulb during the experimental period. Electric shock (20 V AC) was delivered to the grid floor. Training was carried out in two similar sessions. Each mouse was gently placed on the wooden platform set in the center of the grid floor. When the mouse stepped down and placed on the wooden platform set in the center of the grid floor. When the mouse stepped down and placed all its paws on the grid floor, shocks wee delivered for 15 s and the step-down latency (SDL) was recorded. SDL was defined as the time taken by the mouse to step down from wooden platform to grid floor with its entire paw on the grid floor. Animals showing SDL in the range (2-15 s) during the first test were used for the second session and the retention test. The second-session was carried out 90 min after the first test. When the animals stepped down before 60 s, electric shocks were delivered for 15 s. During the second test, animals were removed from shock free zone if they did not step down for a period of 60 s. Retention was tested after 24 hr in a similar manner, except that the electric shocks were not applied to the grid floor. Each mouse was again placed on the platform, and the SDL was recorded, with an upper cut-off time of 300 s. 13, 14) Estimation of Brain Acetyl Cholinesterase (AChE) Activity --On the 7 th day the animals were euthanized by cervical dislocation carefully to avoid any injuries to the tissue. The whole brain AChE activity was measured using the Ellman method. 15) The end point was the formation of yellow color due to the reaction of thiocholine with dithiobisnitrobenzoate ions. The rate of formation of thiocholine from acetylcholine iodide in the presence of tissue cholinesterase was measured using a spectrophotometer. The sample was first treated with 5,5 -dithionitrobenzoic acid (DTNB) and the optical density (OD) of the yellow color compound formed during the reaction at 412 nm every minute for a period of three minutes was measured. Protein estimation was done using Lowry's (Folin-phenol reagent) method. 25) AChE activity was calculated using the following formula:
Where R = Rate of enzyme activity in 'n' mole of acetylcholine iodide hydrolyzed/minute/mg protein.
δ O.D. = Change in absorbance/min and E = Extinction coefficient = 13600/M/cm. Statistical Analysis --All the results were expressed as mean ± Standard error. The data was analyzed using Analysis of variance (ANOVA) followed by Tukey-Kramer test. p < 0.01 was considered as statistically significant.
RESULTS

Effect on TL Using Elevated Plus Maze
Aged mice showed higher TL values on first day and on second day (after 24 hr) as compared to young mice, indicating impairment in learning and memory (i.e. ageing-induced amnesia). Piracetam (200 mg/kg, i.p.) treatment for 6 days decreased transfer latency on 6 th day and after 24 hr i.e. on 7 th day as compared to control group, indicating improvement in both learning and memory. Scopolamine (0.4 mg/kg, i.p.) and Diazepam (1 mg/kg, i.p.) increased TL significantly (p < 0.01) in young mice on first and second day as compared to control, indicating impairment of memory.
AS (100 and 200 mg/kg, p.o.) decreased the TL on 6 th day and 7 th day in young and aged mice (p < 0.01) when compared to control groups. Higher dose of AS (200 mg/kg, p.o.) more significantly enhanced the learning and memory of aged animals rather than the young mice as reflected by marked decrease in TL on 6 th day and 7 th day when subjected to elevated plus maze tests (Fig. 1) . The higher dose of AS pretreatment for 6 days successively to young mice protected them (p < 0.01) against scopolamine, diazepam and ageing induced amnesia (Fig. 2) .
Effect on SDL Using Passive Avoidance Apparatus
AS (200 mg/kg, p.o.) profoundly increased SDL significantly as compared to control group on second day indicating improvement in memory of young mice (Fig. 3) . Furthermore, this dose of AS reversed diazepam, scopolamine induced amnesia as well, like in the elevated plus maze model Values are Mean ± SEM (n = 5), ANOVA followed by Tukey-kramer test, * p < 0.01 compared to control (Young mice), a) p < 0.001 compared to control (Young mice), b) p < 0.01 compared to control (Aged mice), c) p < 0.001 compared to control (Aged mice). (Fig. 4) . Diazepam and scopolamine significantly decreased SDL on second day, indicating impairment of memory. AS (200 mg/kg, p.o.) administered orally for 6 days significantly reversed amnesia induced by diazepam, scopolamine and natural aging (Fig. 4) .
Effect on Whole Brain Abbreviation Activity
The whole brain AChE activity with phenytoin (12 mg/kg, i.p.) exhibited significant elevation to AChE activity as compared to control and piracetam (200 mg/kg, i.p.). AS (100 and 200 mg/kg, p.o.) significantly reduced AChE activity (Fig. 5) .
DISCUSSION
Alzheimer's is a major public health challenge since the median age of the industrialized world's population is increasing gradually. AD has been identified as a protein misfolding disease due to the accumulation of abnormally folded amyloid beta protein in the brains of AD patients. 16) In AD patients, hyperphosphorylated tau accumulates as paired helical filaments, 17) that in turn aggregate into masses inside nerve cell bodies known as neurofibrillary tangles. The National Institute of Health predicts, if the current trend continues, there will be more than 8.5 million AD patients by the year 2030 in U.S.A. alone. 18) Oxidative damages, impaired neurotransmission and degeneration of neurons lead to irreversible decline in cognitive abilities, treatment with nootropics such as piracetam, pramiracetam, aniracetam and choline esterase inhibitors like donapezil and tarcine have not been successful for long term therapy due to their adverse effects. 19, 20) Current treatments for AD have only moderate symptomatic effects on the disease. 21) The present study indicates that AS is a potential anti-cholinesterase agent. It also possesses nootropic activity in view of its facilitatory effect on retention of acquired learning. AS decreased transfer latencies, increased SDL in mice when subjected to passive avoidance paradigm, indicating its potent anti amnesic activity. AS also reversed the diazepam, scopolamine and ageing-induced memory impairments. Central cholinergic system plays an important role in learning and memory. 22) Phenytoin is known to reduce hippocampal AChE concentration 23) and causes cognitive impairment. 24) In our study, phenytoin per se (12 mg/kg, i.p.) significantly elevated brain AChE activity. Piracetam (200 mg/kg, i.p.) and AS (100 and 200 mg/kg, p.o.), on the other hand significantly (p < 0.01) lowered this activity indicating the counteracting action of the two drugs on the cholinergic system. Pretreatment with aqueous extract of AS (100 and 200 mg/kg, p.o.) for 6 days significantly reduced TL time of young mice and more profoundly in aged mice compared to control and piracetam treated standard groups of mice. The aqueous extract of AS elicited profound neuroprotective effect in diazepam, scopolamine treated and older mice compared to control groups and piracetam treated mice. It significantly inhibited AChE activity in the whole brain homogenate of mice indicating its potential in the attenuation of learning and memory deficits especially in the aged mice. AS significantly reversed amnesia induced by diazepam, scopolamine which probably indicated that AS potentiated memory and learning especially in diazepam scopolamine induced amnesic mice. Considering the lack and the need of the drugs with proven effectiveness in improving learning and memory the specific memory improving and anticholine esterase effect of AS can be of enormous interest for further investigations.
Kindly change as per JHS rule, since AS (100 and 200 mg/kg, p.o.) elicited profound neuroprotective effect in diazepam, scopolamine treated and aged mice compared to control groups and piracetam treated groups, it can be used for the management of AD and other cognitive disorders. However, investigations using more experimental paradigms may be warranted for further confirmation of nootropic potential of AS in the treatment of dementia and AD.
